Pneumatosis cystoides intestinalis (PCI) is the presence of air within the walls of the small intestines or colon. The prevalence of PCI is difficult to determine as patients are mostly asymptomatic. The main cause of PCI is considered to be mechanical, although bacterial and biochemical causes have also been theorized. According to the mechanical theory, PCI results from a loss of integrity of the mucosa, caused by diseases such as necrotizing enterocolitis, intestinal ischemia, inflammatory bowel disease, or obstructive pulmonary disease. On computed tomography, PCI presents as images that are cystic or linear collections of air near the lumen of the bowel. The occurrence of PCI is more common in the colon than in the small intestine, appearing as a polypoid, with the overlying mucosa displaying a blue hue on colonoscopy. PCI can usually be resolved through the discontinuation of medications that increase the formation of intestinal gas. Inhalational and hyperbaric oxygen therapy have also been used for the treatment of PCI. Patients presenting with signs of peritonitis, such as abdominal guarding, rebound tenderness, and metabolic acidosis on abdominal assessment, require emergent treatment, with exploratory laparotomy being recommended.
Introduction
Pneumatosis cystoides intestinalis (PCI) refers to the presence of air within the wall of the small intestine or colon. This intramucosal air can also affect the stomach, a condition known as gastric pneumatosis. Since Du Vernoy first reported PCI in autopsy specimens in 1730 1 , the condition has been described in various studies. PCI occurs as a primary (or idiopathic) form in 15% of cases, and as a secondary form in 85% of cases 2 . As patients with PCI are mostly asymptomatic, they are not likely to seek medical care. Therefore, the true prevalence of PCI is difficult to determine. A previous study reported an incidence rate of 0.03% in the general population, typically developing in the fifth to eighth decade of life, with a male-to-female ratio of 3:1 3 . PCI can develop in any portion of the gastrointestinal tract distal to the stomach, with the cysts being either confined to the mucosa, submucosa, or subserosa or involving all three layers. Subserosal cysts develop more commonly with pneumatosis of the small intestine, with submucosal cysts being more common with colonic pneumatosis. On gross inspection, submucosal cysts are polypoid, with the overlying mucosa displaying a bluish hue.
Pathogenesis
The pathogenesis of PCI is poorly understood, with multiple contributing pathogenic mechanisms being likely, including mechanical, bacterial and biochemical factors 4 . Among these, mechanical causes have gained the widest recognition, with the air invading the wall of the bowel secondary to integrity loss of the mucosa or serosa 5 . This mechanical PCI pathway explains the association between PCI and necrotizing enterocolitis, intestinal ischemia, inflammatory bowel disease, colonoscopy preparation, and colonoscopy. Once air has entered the wall of the bowel, it may spread along the mesentery to distant sites. This spread of air along blood vessels further explains the association between PCI and chronic obstructive pulmonary disease, asthma, and interstitial pneumonia, which can injure the serosa, as well as the rupture of alveolar blood vessels due to coughing. Specifically, escaped air tracks along blood vessels to the mesenteric blood vessels, eventually penetrating the bowel wall 6 .
In contrast to the mechanical theory of PCI development, the bacterial theory proposes that PCI results from gasforming bacteria which provide an access from the mucosa to the submucosa, the mechanism of which has been reproduced by injecting gas-forming bacteria into the bowel wall of rats 7 . Bacterial PCI can be improved with the use of antibiotic treatment. In a similar way, the biochemical theory proposes that luminal bacteria produce excessive amounts of hydrogen gas. As the pressure of the gas within the intestinal lumen increases, it is forced through the mucosa, becoming entrapped within the submucosa. This biochemical type of PCI has been reported in patients with bacterial overgrowth in the small bowel, as well as in patients taking alpha glycosidase inhibitors, which increases intestinal gas.
PCI has also been associated with chemotherapy and hormonal therapy 8 , as well as with the use of various molecular-targeting agents used for the treatment of malignant tumors 9 . PCI can also develop over the clinical course of connective tissue disease, particularly systemic sclerosis (SSc). Although the mechanism of SSc-associated PCI has not been fully elucidated, sclerosis of the intestinal wall is likely to be the principal cause, with the resulting impairment in gastrointestinal motility eventually causing intestinal obstruction and, subsequently, increased luminal pressure. Furthermore, there are reports that PCI is caused by mechanical stimulation during laparoscopic procedures 10 .
Clinical Features And Diagnosis Of Pci
As mentioned above, most patients with PCI are asymptomatic, never requiring clinical treatment. Complications occur in approximately 3% of patients 11 , owing to encroachment of the lumen by cysts, which eventually results in obstruction of the small and/or large bowel. When symptomatic, PCI can present as abdominal pain, obstruction, diarrhea, and hematochezia, with flatulence, loss of appetite and tenesmus being other common symptoms. The confirmation of PCI using clinical imaging, however, is not straightforward. PCI is only visible on plain abdominal radiographs in about two-thirds of patients. One concern is that stool can mimic the appearance of PCI on plain radiographs. On ultrasound imaging, there was reverberation caused by the presence of air within the cysts. Findings are more characteristic on computed tomography (CT) imaging, with PCI appearing as grapelike clusters or honeycomb-shaped shadows along the wall of the intestine. However, these clusters can be filled with either free or trapped air, with free air not being a cause of the clinical complications of PCI 12 . Furthermore, there are reports in CT findings of the following observations. Three patterns of pneumatosis have been described: a bubble-like or cystoid pattern characterized by separate bubbles of gas with a cystic appearance; a linear pattern in which the gas has a curvilinear or a crescent shape and a circular or circumferential form in the bowel wall; in some cases, all these patterns may be seen at the same time 13 . Endoscopic examination can be helpful for differentiating PCI from non-PCI related mucosal and submucosal lesions. Although PCI was once considered as being specific to the small intestine, a recent colonoscopy study reported a more frequent occurrence of colonic PCI 14 . On endoscopy, PCI is observed as polypoid, with the overlying mucosa displaying a blue hue. Of note, submucosal tumors also have a bluish appearance on endoscopy, making it difficult to clearly differentiate mucosal or submucosal lesions from PCI solely based on endoscopic appearance. A reliable differentiation can be obtained by endoscopic biopsy; however, the puncture of mucosal and submucosal cysts itself can be a cause of PCI.
Laboratory studies can be helpful for distinguishing PCI from other causes of abdominal symptoms. Specifically, laboratory tests are usually normal in patients with PCI, while mesenteric ischemia or bowel infarction are associated with a marked leukocytosis, with a predominance of white blood cells.
Management And Treatment
Emergency treatment is needed for patients with signs of peritonitis on abdominal assessment, such as findings of abdominal guarding, rebound tenderness, or metabolic acidosis. Exploratory laparotomy is recommended for these patients. If the cysts of PCI are ruptured on the serosa side, CT can show free air, but there are patients who do not require emergent treatment 14 (Figure) . For patients who do not require emergency exploratory laparotomy, management is based on the severity of symptoms, with PCI resolving without intervention in the majority of patients who do not present with significant symptoms. A conservative approach to PCI management is recommended, such as gastrointestinal decompression or intestinal rest. It was reported that most cases could be treated with conservative treatment 15 . The underlying cause of PCI should be treated, including the discontinuation of medications known to increase intestinal gas formation, such as alpha-glucosidase inhibitors and molecular targeted therapy. The continuation of antibiotic treatment is one of the choices for PCI until clinical and radiological resolution of PCI is achieved. Most commonly, metronidazole (500 mg, three times daily) is used for antibiotic therapy after informing patients of the possible adverse effects of this medication. It is thought that this antibiotic treatment for PCI eradicates gas-forming bacteria. Parenteral nutrition, electrolyte supplementation and the use of an elemental diet have also been reported as possible treatments for PCI, with the effectiveness of these interventions being mediated through a modification of the colonic micro flora.
Inhalational or hyperbaric oxygen therapy has also been used to treat PCI. Although oxygen was first used for the treatment of PCI by Forgacs et al 16 in 1973, the optimal concentration, duration, and effect of oxygen have not yet been determined, with the following prescriptions generally recommended for gas absorption within the cysts: 200-300 mmHg PO 2 pressure, 1.5-2.5 h/day, for 2-14 days; or 55%-75% oxygen inhalation, 1-3 h/day, for 2-5 days. The basis for the effectiveness of oxygen therapy is twofold. First, oxygen is toxic to the anaerobic intestinal bacteria that contribute to the formation of air within cysts. Secondly, as the content within cysts is primarily non-oxygen gas, delivery of high concentrations of oxygen increases the partial pressure of oxygen in the venous blood, while decreasing the partial pressure of non-oxygen gases, thereby creating a diffusion gradient across the cystic wall and forcing trapped gas to exit from cysts.
Surgery is not always recommended for patients who develop PCI-related intestinal obstruction because of the high operative risk. In such cases, successful relief of obstruction may be achieved using endoscopic puncture and sclerotherapy of cysts 17 . Surgery, including exploratory laparotomy, should be reserved for patients who remain symptomatic despite medical therapy or who develop PCI-related complications, such as bowel obstruction, perforation, peritonitis, and necrosis. Therefore, early detection of PCI, when possible, and provision of fast and adequate therapy for PCI resolution, are clinically important.
In conclusion, PCI is a rare disorder encountered in clinical practice that is poorly understood. Careful monitoring of patients with PCI is recommended for early identification of emergent signs and symptoms of complication. The absence of a definitive causal theory of PCI and the variety of treatments which have been reported reflect our current lack of knowledge regarding the underlying pathophysiology of PCI. A long-term followup study is warranted to evaluate the clinical outcomes of treatments for PCI. 
